
Semiannual Progress  Report 
September 1975 - February 1976 

An Exploratory I n v e s t i g a t i o n  of t h e  Cooling Drag 

Associated wi th  General Aviat ion Propuls ive  Systems - P a r t  I1 

NASA Grant Number NSG 1083 

P r i n c i p a l  I n v e s t i g a t o r :  D r .  Ernest  J.  Cross,  Jr. 

Miss i s s ipp i  State Univers i ty  
Department of Aerophysics and Aerospace Engineering 

Miss i s s ipp i  S t a t e ,  M i s s i s s i p p i  39762 

(NASA-CR-746253) A N  EXPLORATORY 
I N V E S T I G A T I O N  OF THE COOLING D R A G  ASSOCIATED 
WITH GENERAL A V I A T I O N  PROPULSIVE SYSTEMS, 
PART 2 
1975 - Feb. 1976 ( M i s s i s s i p p i  S ta te  Univ., 

S e m i a n n u a l  Progress  R e p o r t ,  Sep. 

N76-71799 

Unclas 
00198 14238 



The Cooling Drag program c u r r e n t l y  involves  two s p e c i f i c  e f f o r t s ;  a 

cont inua t ion  of t h e  l i t e r a t u r e  research  l ead ing  t o  f u r t h e r  development of 

an i n s t a l l a t i o n  design manual f o r  h o r i z o n t a l l y  opposed engines ,  and a f l i g h t  

test program u t i l i z i n g  t h e  P ipe r  PA-41P Propuls ion System Research Vehicle 

(PSRV) t o  i n v e s t i g a t e  t h e  in f luence  of convent ional  i n l e t s  and ex i t  config- 

u ra t ions  on cool ing.  The cu r ren t  s t a t u s  and p ro jec t ed  a c t i v i t y  f o r  each of 

these  are d iscussed  i n  t h e  fol lowing paragraphs.  

The l i t e r a t u r e  research  is  approximately 2 / 3  complete. Most of t h e  

p e r t i n e n t  material i d e n t i f i e d  are va r ious  NACA. r e p o r t s  wi th  the  remainder 

c o n s i s t i n g  of t e c h n i c a l  j o u r n a l s .  A v i s i t  t o  Wright-Patterson AFB w a s  

made t o  search  f o r  app l i cab le  WADC and AMC r epor t s .  N o  r epor t s  were found 

due t o  e i t h e r  having been destroyed o r  placed i n  s t o r a g e  i n  S t .  Louis where 

they are, f o r  a l l  p r a c t i c a l  purposes,  i n a c c e s s i b l e .  A t r i p  w i l l  be  made 

s h o r t l y  t o  the  DDC l i b r a r y  t o  search  f o r  t hese  r e p o r t s .  

The material found t o  be most app l i cab le  t o  t h e  h o r i z o n t a l l y  opposed 

geometry concerns the  Ranger i n l i n e  a i r coo led  engine development dur ing  

World War 11. Contact has  been made wi th  key personnel  involved i n  t h i s  

program and an e f f o r t  w i l l  be  made t o  acqu i r e  copies  of e x i s t i n g  documen- 

t a t i o n s .  The remaining l i t e r a t u r e  sea rch  w i l l  be  d i r e c t e d  towards European 

t echn ica l  j ou rna l s  and developmental r e p o r t s .  The prime source a t  the  

moment appears t o  be  B r i s t o l  Siddeley i n  England. 

The PSRV a i r c r a f t  is c u r r e n t l y  undergoing modi f ica t ions  t o  test config- 

u ra t ion  and is expected t o  be f l y i n g  by mid-February. The a l t e r a t i o n s  t o  

the  r i g h t  n a c e l l e  are i l l u s t r a t e d  by Figures  1 and 2 ,  and t h e  engine pres-  

s u r e  and temperature  ins t rumenta t ion  is  shown i n  Figure 3 .  The major modi- 

f i c a t i o n  c o n s i s t s  of r e l o c a t i n g  the  o i l  coo le r  and accessory b l a s t  tubes and 

i s o l a t i n g  t h e i r  r e spec t ive  a i r  flow from t h a t  of t h e  engine.  Accordingly, 
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the  cool ing  mass flow of t he  engine w i l l  be measured by a nose p i ece  with 

a s u f f i c i e n t l y  long i n l e t  duc t .  

wake rake t o  sense  t h e  t o t a l  p re s su re  d i s t r i b u t i o n  f o r  comparison wi th  t h a t  

a t  t h e  i n l e t .  

thermocouples on t h e  engine.  

i s  t o  i n v e s t i g a t e  t h e  causes of t h e  r e l a t i v e l y  low p res su re  recovery which 

were discovered i n  the  T-34 program. I n  a d d i t i o n ,  t h r e e  nose p i eces  are 

be ing  f a b r i c a t e d ;  e x i s t i n g  swept i n l e t ,  s h o r t  duct  i n l e t ,  and long duct  

Also shown i n  Figure 2 i s  the  p r o p e l l e r  

Figure 3 shows t h e  l o c a t i o n s  of t h e  pressure  tubes and 

The ex tens ive  p re s su re  survey i n  t h e  plenum 

i n l e t .  

T-34 program, except  t h a t  t h e  temperature  channels have been expanded from 

25 t o  48, and the  h igher  q u a l i t y  s i g n a l  condi t ion ing  ampl i f i e r s  are being 

u t i l i z e d .  

The da ta  a c q u i s i t i o n  system i s  b a s i c a l l y  t h e  same as t h a t  of t h e  

The PSRV f l i g h t  test program w i l l  involve  four  areas of i n v e s t i g a t i o n ;  

i n l e t s ,  plenum, e x i t s ,  and cool ing  mechanics. Three i n l e t  conf igura t ions  

w i l l  be  t e s t e d ;  t he  e x i s t i n g  swept i n l e t ,  a s h o r t  duct  i n l e t ,  and a long 

duct mass flow meter ing i n l e t .  The e x t e r i o r  s ta t ic  p res su re  d i s t r i b u t i o n s  

about a l l  t h r e e  i n l e t s  w i l l  be recorded. The in f luence  of t he  i n l e t s  on 

the  p re s su re  recovery d i s t r i b u t i o n  i n  t h e  plenum w i l l  be  of prime concern. 

For each i n l e t ,  d i f f e r e n t  conf igura t ions  of plenum b a f f l i n g  w i l l  be  t e s t e d .  

The f i r s t  phase of t h e  f l i g h t  test program w i l l  concent ra te  on t h e  

i n l e t  and plenum pres su re  recovery s t u d i e s .  A l l  f l i g h t s  w i l l  be  a t  the  

same dens i ty  a l t i t u d e ,  i n  the  neighborhood of 6000 f e e t .  During t h i s  

phase,  n a c e l l e  s t a t i c  p re s su re  d i s t r i b u t i o n  measurements w i l l  be made i n  

order  t o  l o c a t e  the  upper su r face  e x i t s .  During t h e  second phase,  the  long 

duct i n l e t  w i l l  be  used, and cool ing  d a t a  w i l l  be  recorded throughout t h e  

a l t i t u d e / a i r s p e e d  envelope of t h e  a i r c r a f t .  Also, ex i t  s t u d i e s  w i l l  be 
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performed a t  t h i s  time t o  o b t a i n  a d i r e c t  comparison between lower and 

upper s u r f a c e  l o c a t i o n s .  

A t  p r e s e n t ,  t h e  f l i g h t  test program is  one month behind schedule.  

Due t o  t h e  na tu re  of t he  tests, t h e r e  i s  less dependehcy on e a r l y  morning 

smooth a i r  condi t ions  than  wi th  the  T-34 program, and the  delay can be 

made up i n  the  f l i g h t  opera t ion  phase. 

The NASA Technical O f f i c e r  is  M r .  Alber t  W. H a l l  

M a i l  Stop 2 4 7 ,  RAFD 
NASA-Langley Research Center 
Hampton, VA 23365.  
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Figure 1. Original installation with internal oil cooler 
and louver exits. 
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Figure  2. Modified i n s t a l l a t i o n  w i t h  upper and lower cowl 
f l a p  ex i t s  and p r o p e l l e r  wake rake .  
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Figure 3. Engine pressure and temperature instrumentation. 
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Figure 3 .  Continued. 


